Introduction

35
Specific mate communication and recognition, which is shaped during adaptation to 36 natural habitats, involves both sex signals and environmental or habitat sensory cues and 37 is under sexual and natural selection (Paterson 1978 (Paterson , 1980 Endler 1992; Blows 2002; 38 Boughman 2002; Scordato et al. 2014; Rosenthal 2017) . In nature, females of 39 phytophagous insects release sex pheromone into an atmosphere which is filled with plant 40
volatiles. 41
The effect of plant volatiles on the male moth behavioural response to sex pheromone 42 has long been investigated (Landolt & Phillips 1997; Reddy & Guerrero 2004) . Perception 43 of sex and plant volatiles typically employs discrete peripheral input channels, and two 44 different types of insect olfactory receptors, pheromone and general odorant receptors, 45 respectively (Krieger et al. 2004; Sakurai et al. 2004; Zhang & Löfstedt, 2015) . 46
Integration of pheromone and plant volatile stimuli has been shown to occur already at 47 chemical purity; CAS #126-90-9; Firmenich), (S)-(+)-linalool (95% chemical purity; CAS 110 #126-90-9; Firmenich) and nonanal (90% chemical purity; CAS Fluka) . In 111 addition, α-farnesene (>90% chemical purity; CAS #502-61-4; Bedoukian) and β-112 farnesene (>90% chemical purity; CAS #18794-84-8; Bedoukian) were included since 113 they occur in maize headspace, another S. littoralis host plant (Bengtsson et al., 2006; 114 Thöming et al., 2013) . 115
The S. littoralis pheromone components, (Z,E)-9,11-tetradecadienyl acetate (Z9,E11-116 14Ac) (main pheromone compound), (Z)-9-tetradecenyl acetate (Z9-14Ac), (Z,E)-9,12-117 tetradecadienyl acetate (Z9,E12-14Ac), were purchased from Pherobank and (E,E)-10,12-118 tetradecadienyl acetate (E10,E12-14Ac) was a gift from David Hall (Greenwich, UK). 119
Isomeric purity was >96.3% and for the dienic compounds and >99.1% for Z9-14Ac. 120
These four components were consistently found in pheromone gland extracts (Saveer et 121 al. 2014; El-Sayed 2017) . The solvent was redistilled ethanol (Labscan). 122
Wind tunnel bioassay
123
Wind tunnel experiments were performed in a Plexiglas wind tunnel (180 x 90 x 60 cm) 124 following the protocol of Borrero-Echeverry et al. (2015) . Briefly, males and females were 125 kept in separate rooms to avoid pre-exposure to pheromone before experiments. One h 126 before experiments, moths were transferred individually to 2.5 x 12.5 cm glass tubes 127 closed with gauze. Tests were carried out between 1 and 4 h after the onset of 128 scotophase. The wind tunnel was illuminated from above and the side (6 lux), moths were 129 flown in a wind speed of 30 cm/s, at 24 ± 2 o C air temperature and 60 ± 10% RH. 130
Incoming and outgoing air was filtered with active charcoal. Moths for every treatment 131 (N=50) were released individually from glass tubes at the downwind end of the tunnel. 132
Males were scored for upwind flight over 150 cm, up to ca. 30 cm from the odour source. 133
Synthetic odour blends were delivered from the centre of the upwind end of the wind 134 tunnel from a piezo-electric sprayer (El-Sayed et al. 1999; Becher et al. 2010) . Samples 135 were loaded into a 1-ml glass syringe operated by a microinjection pump (CMA 136 Microdialysis AB, Solna, Sweden) that delivered test solutions at a constant rate of 10 137 µl/min through Teflon tubing into a glass capillary with a narrow, elongated tip. Thecapillary was attached to a piezo-ceramic disk, which produced an aerosol that was 139 carried downwind. A glass cylinder (95 mm diameter x 100 mm height), covered by a fine 140 metal mesh (pore size 2 mm) was placed in front of the capillary as landing platform. Live 141 plants were placed at the upwind end of the wind tunnel. In experiments with calling, 142 pheromone-releasing females, three calling females were placed downwind from plants in 143 glass tubes covered at both ends with a mesh. 144
We tested the main pheromone compound, Z9,E11-14Ac and a 4-component synthetic 145 pheromone blend of Z9,E11-14Ac, Z9-14Ac, E10,E12-14Ac and Z9,E12-14Ac, in a 146 100:30:20:4 proportion. The release rate of the main compound Z9,E11-14Ac was 100 147 pg/min, corresponding to the amount of pheromone emitted by calling females (Saveer et 148 al. 2014 ). Males were further tested with pheromone-releasing S. littoralis and S. litura 
Statistical analysis
158
Generalized linear models (GLM) with a Bernoulli binomial distribution were used to 159 analyse behavioural data. Upwind flight was used as the target effect. Post-hoc Wald 160 pairwise comparison tests were used to identify differences between treatments. 161
Significance was determined at α=95%. All statistical analysis was carried out using R (R 162
Core Team 2013).
Results
164
When cotton volatiles were tested one by one, only α-farnesene elicited significant upwind 165 flight attraction in S. littoralis males (z = 2.066; p = 0.039) ( Table 1 ). All of these plant 166 volatiles significantly reduced male attraction, when added to the main pheromone 167 compound Z9,E11-14Ac. In stark contrast, seven of these plant volatiles did not affect 168 male attraction when mixed with the complete, four-component synthetic sex pheromone. 169
Only three volatiles reduced attraction when mixed with the four-component sex 170 pheromone blend: DMNT was the strongest antagonist (z = 4.602; p < 0.001), followed 171
by (E)-β-ocimene (z = 2.378; p = 0.017) and (Z)-3 hexenyl acetate (z = 1.799; p = 172 0.072) ( Table 1) . Larval feeding on cotton leaves strongly increases release of DMNT, 173 which has been shown to interfere with perception of the main pheromone compound 174 Z9,E11-14Ac (Hatano et al., 2015) . 175
This differential effect of complete vs. incomplete pheromone on male attraction, when 176 mixed with plant compounds, was confirmed by experiments using a 4-component cotton 177 volatile blend, instead of single cotton volatiles. Attraction to a combination of this cotton 178 blend and the main pheromone compound was significantly reduced, compared with 179 attraction to pheromone alone (z = 3.733; p < 0.001), while a combination of the same 180 cotton blend with four-component pheromone did not reduce attraction (Fig. 1A ). An 181 undamaged cotton plant produced the same result: male attraction was significantly 182 reduced to the plant in combination with the main pheromone compound (z = 2.208; p = 183 0.027), and not with the complete pheromone blend (Fig. 1B) . 184
We next replaced synthetic with authentic sex pheromone, released by live calling 185 conspecific females or by females of the sibling species S. litura. Both species share the 186 main pheromone components, which explains why S. littoralis male attraction to 187 pheromone-releasing females of S. litura and S. littoralis is not significantly different in 188 clean air ( Fig. 1C ; Saveer et al. 2014 ). However, these two pheromone blends differ in 189 composition and males are capable of discriminating conspecific from heterospecific 190 pheromone, since they clearly prefer conspecific over heterospecific S. litura females in 191 choice tests (Saveer et al. 2014) . Tests with pheromone-releasing females on cottonplants confirm the results obtained with synthetic pheromone: adding cotton to S. litura 193 females significantly reduced male upwind flights, compared to calling S. litura females 194 alone (z = 1.992; p = 0.046) (Fig. 1C) . 195
Lastly, we examined the effect of volatiles from cotton challenged by larval feeding on 196 male sex pheromone attraction. We used a synthetic cotton blend and cotton plants on 197 which S. littoralis larvae had been feeding. The synthetic blend mimicking damaged 198 cotton and a cotton plant damaged by feeding larvae significantly reduced attraction to 199 the 4-component synthetic pheromone, respectively (z = 2.208; p = 0.027 and z = 200 2.953; p = 0.003z = 3.899) ( Fig. 2A,B) . Damaged cotton plants even reduced attraction 201 to calling S. littoralis females (z = 3.992; p < 0.001) (Fig. 2B) . 202 
